6 elliptical, spindle-shaped and overlapping structures to infilling of shrinkage cracks both from 180 above and below (Young, 1969) . Donaldson (1967) suggested that the spindle-shaped structures 181 described from the Flack Lake area in addition to similar structures described from Michigan 182 (e.g. Faul, 1949; Frarey and McLaren, 1963; Hofmann, 1967; Young, 1967 ) may have formed 183 from desiccation of algal mats. Since that time, the sedimentology of the Gordon Lake and Bar 184
River formations in the Flack Lake area has been investigated by several workers (e.g. Wood, 185 1973; Card et al., 1977; Wright and Rust, 1985; Chandler, 1986 Chandler, , 1988a Chandler, , 1988b Rust and Shields, 186 1987; Robertson and Card, 1988) . However, these authors indicated that the abundant polygonal, 187 linear and elliptical structures in the rocks were desiccation or synaeresis cracks. Although our 188 present detailed investigation affirms that the polygonal structures are desiccation cracks, the 189 spindle-shaped, overlapping linear structures are consistent with microbially induced 190 sedimentation. These structures are herein described according to Schieber's (2004) process-191 related classification scheme, which includes development during mat growth, metabolism, 192 physical destruction, and decay. Only the latter two categories of structures were identified in the 193 Flack Lake area. 194 195
Mat-Destruction Structures 196 197
In the study area, the physical destruction of microbial mats is indicated by various types of 198 sand cracks, microbial mat chips, and microbial sand and silt chips (Table 1) . Sand cracks result 199 from rupturing of an overlying microbial mat that has been placed under stress from wind or 200 water, or desiccation (Gerdes, 2007; Eriksson et al., 2007b) . Impressions of the tears in the mat 201 may be preserved in the underlying sand or silt. Cracks representing single incipient tears were 202 identified in quartz arenite of the Bar River Formation and siltstone of the Gordon Lake 203
Formation, and range from 0.5-1.5 cm in size (Fig. 3a) . Sand-filled, 0.5-9.5 cm triradiate cracks 204 are common in sandstones of both formations, and are inferred to have formed when sand was 205 transported to the mat surface and filled the open ruptures from above (Fig. 3b) . Fine-grained 206 sandstones and siltstones of the Gordon Lake Formation preserve abundant, up to 30 cm long, 207 lenticular, curved, sinuous, and spindle-shaped cracks (Fig. 3c, d ). These irregular structures, 208 unlike polygonal mud cracks that form through desiccation, reflect the elasticity of microbial 209 mats, in which tearing results in curved or upturned margins (Gerdes, 2007) . Although less 210 common in the Bar River Formation, curved cracks at one locality were clearly infilled with sand 211 from above (Fig. 3e) . Locally, cm-size cracks characterize the crests of interference ripples (Fig.  212 3f). These cracks are interpreted to have formed when fluid was expelled from microbial mats 213 that colonized the ripple crests. Desiccation of the mat may have also led to the formation of 214 these cracks. 215
216
Insert Table 1 here 217
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Microbial mat chips develop from high-energy erosion of desiccated, mat-adhered sand, 220 forming curved, irregular fragments (Schieber, 2004; Erikssen et al., 2007a) . Small mat chips, 2-221 3.5 cm long, were identified in iron-stained Bar River quartz arenite at one locality (Fig. 4a) . 222
Microbial sand and silt chips are 0.25-9 cm long, and were identified mainly in the Gordon Lake 223 Formation ( Fig. 4b-d) . These structures develop from abrasion of flipped-over mat margins by 224 water or wind, and are normally preserved as rounded or elongated fragments (Erikssen et al., 225 2007a). Large mat chips were identified only in the siltstone and fine-grained sandstone of the 226 Gordon Lake Formation, and range from 7-150 cm long and 3-30 cm wide (Fig. 4d-f) . The edges 227 of the large mat chips are sharp, frayed or irregular. Small chips appear to have been curled (Fig.  228 4e), which is consistent with erosion of a dried out mat in an environment that is proximal to the 229 site of deposition (Schieber, 2007) . Larger, uncurled mat chips contain biolamination and smaller 230 microbial mat chips (Fig. 4d) , which suggest that the mat was wet during erosion (Schieber, 231 2007) . One mat chip appears to have a mottled texture (Fig. 4f) , which probably reflects mat 232 growth prior to erosion. 233 234
Mat-Decay Structures 235 236
Microbial mat decay in the Flack Lake area is indicated by remnant gas domes, pyrite 237 patches, and iron laminae. Remnant gas domes were identified in fine-grained sandstone of the 238 Gordon Lake Formation, where they are characteristically associated with iron staining (Fig. 5a) . 239
The domes are 1-2 cm across and are surrounded by curved sand cracks. The domes appear to be 240 ruptured locally, resembling radial gas escape structures (c.f. Dornbos et al., 2007; Fig. 5b ), but 241 these characteristics may also be the results of dome erosion during Pleistocene glaciation. 242
Pyrite patches were identified in the troughs of interference ripples in Bar River quartz 243 arenite at one locality (Fig. 5c) . The pyrite patches are inferred to represent the locations of 244 former microbial mats. The lower portions of a microbial mat are typically anoxic due to the 245 decay of organic matter; this environment is conducive to the formation of reduced minerals, 246 such as pyrite (Berner, 1984; Gerdes et al., 1985) . Microbial mats were presumably the dominant 247 source of organic matter during the Paleoproterozoic and would have provided the necessary 248 organic debris within sand of the Bar River Formation at the time of deposition. Iron laminae 249
were identified in quartz arenite of the Bar River Formation at two localities, where they are 250 wavy ( Fig. 5d ) and cross-laminated. In general, purple, iron-rich laminae are thinner than pink, 251 quartz-rich laminae. The darker laminae may represent periods of calm hydrological conditions 252 during which microbial mats were able to grow, whereas the pink laminae may represent periods 253 of higher energy conditions during which growth of microbial mats was limited (Noffke et A greater diversity and quantity of MISS is preserved in the Gordon Lake Formation 361 compared to the Bar River Formation (Table 1) . This discrepancy can be attributed to the 362 different depositional environments of the formations within a tidally-influenced setting. The 363 recurrence of desiccation structures in the Gordon Lake Formation documents numerous periods 364 of subaerial exposure. Desiccation cracks were also identified in the Bar River Formation, but in 365 a comparably minor amount. The main rock types in which MISS of the Gordon Lake Formation 366 are found include thin siltstone and fine-grained sandstone beds. These beds are mainly planar to 367 wavy laminated and bedding planes display oscillation ripples, local interference ripples and 368 abundant desiccation cracks. Our interpretation is that the Gordon Lake Formation was deposited 369 on a tidal flat where microbial mats flourished during relatively calm water conditions (Fig. 7) . 370
Large mat chips and microbial sand and silt chips would have developed during periods of strong 371 wind or wave action, which detached and transported mat chips to an adjacent location. 372
Microbial mat tears and chips are common in wet microbial mats in protected inter-and supra-373 tidal environments due to the effects of wind shear on very shallow tidal ponds or directly on 374 
